Abstract. A precise knowledge of the spatial distribution of taxa is essential for decision-making processes in land management and biodiversity conservation, both for present and under future global change scenarios. This is a key base for several scientific disciplines (e.g. macro-ecology, biogeography, evolutionary biology, spatial planning, or environmental impact assessment) that rely on species distribution maps. An atlas summarizing the distribution of European amphibians and reptiles with 50 × 50 km resolution maps based on ca. 85 000 grid records was published by the Societas Europaea Herpetologica (SEH) in 1997. Since then, more detailed species distribution maps covering large parts of Europe became available, while taxonomic progress has led to a plethora of taxonomic changes including new species descriptions. To account for these progresses, we compiled information from different data sources: published in books and websites, ongoing national atlases, personal data kindly provided to the SEH, the 1997 European Atlas, and the Global Biodiversity Information Facility (GBIF). Databases were homogenised, deleting all information except species names and coordinates, projected to the same coordinate system (WGS84) and transformed into a 50 × 50 km grid. The newly compiled database comprises more than 384 000 grid and locality records distributed across 40 countries. We calculated species richness maps as well as maps of Corrected Weighted Endemism and defined species distribution types (i.e. groups of species with similar distribution patterns) by hierarchical cluster analysis using Jaccard's index as association measure. Our analysis serves as a preliminary step towards an interactive, dynamic and online distributed database system (NA2RE system) of the current spatial distribution of European amphibians and reptiles. The NA2RE system will serve as well to monitor potential temporal changes in their distributions. Grid maps of all species are made available along with this paper as a tool for decision-making and conservation-related studies and actions. We also identify taxonomic and geographic gaps of knowledge that need to be filled, and we highlight the need to add temporal and altitudinal data for all records, to allow tracking potential species distribution changes as well as detailed modelling of the impacts of land use and climate change on European amphibians and reptiles.
Introduction
A good knowledge on the geographical distribution of organisms is pivotal for macroecological and evolutionary studies, as well as to inform policy makers in decisions on land management, health, climate change and biodiversity conservation (Jetz, McPherson and Guralnick, 2011) . The availability of reliable maps that depict the historical and current distribution of species therefore constitutes an important component in conservation-related research. Data on their extent of occurrence are crucial for assigning IUCN threat categories to species (IUCN, 2001 ). This has for instance been a strategy in the Global Amphibian Assessment (Stuart et al., 2004) which provided the first comprehensive estimate of threat categories and distribution ranges of amphibians worldwide, a taxon that constitutes an important model group in conservation biology (e.g. Hopkins, 2007) . Furthermore, many amphibian species and at least some groups of reptiles are undergoing severe global declines (Wake and Vredenburgh, 2008; Sinervo et al., 2010; Böhm et al., 2013) , making their conservation a prime challenge and gathering data on their current distribution a top research priority.
In European herpetology, shortly after the Societas Europaea Herpetologica (SEH) was established in 1979, it became evident that a comprehensive assessment of the distribution of all European amphibians and reptiles should receive priority, as basic maps where lacking. A mapping committee of the SEH was established in 1983, coordinated by a team based at the Muséum National d'Histoire Naturelle in Paris. From the work of regional and national coordinators, more than 85 000 grid records were collected and shown in maps of 50 × 50 km resolution produced by the Service du Patrimoine Naturel (Paris, France). This resulted in a distribution atlas published in 1997 (Gasc et al., 1997) . This work, which in the following will for brevity be referred to as 'the 1997 European Atlas', has subsequently provided the basis for numerous studies, such as several conservation-oriented modelling approaches (e.g. Araújo and Pearson, 2005; Araújo, Thuiller and Pearson, 2006; Araújo et al., 2008) .
After the publication of the 1997 European Atlas, there has been a high intensity of mapping efforts and related research in Europe. Numerous regional and national societies have since then produced detailed amphibian and reptile distributional information covering large parts of Europe, more detailed and reliable than the 1997 European Atlas. Many of these were published in the form of regional or national atlases (e.g. Bitz et al., 1996; Günther, 1996; Pleguezuelos, 1997; Cabela, Grillitsch and Tiedemann, 2001; Hofer, Monney and Dušej, 2001; Pleguezuelos, Lizana and Márquez, 2002; Głowaciński and Rafiński, 2003; Puky, Schad and Szövenyi, 2006; Sindaco et al., 2006; Jacob et al., 2007; Lanza et al., 2007; Laufer, Klemens and Sowig, 2007; Proess, 2007; Creemers and van Delft, 2009; Corti et al., 2010; . Some of them (e.g. UK, Netherlands, Wallonia, Flanders, Switzerland) were published also through publicly available internet resources. Others, like the atlas of Sweden, were published exclu-sively on the internet. This wealth of novel data claims for an update of the herpetofaunal distribution data also at the European level, to quantify Europe-wide the improvement in knowledge since the previous Atlas, as well as a first step towards tracking potential changes in the distribution of the European herpetofauna in the context of global change.
Novel technologies for mapping species distributions currently available, such as newly developed Geographic Information Systems (Longley et al., 2010) and their extensions, offer the possibility of establishing extensive databases of distribution records, with associated metadata such as voucher specimen lists or photos. Citizen-science online tools allow contributors entering their observations, and directly link them to analysis tools such as spatial modelling or the production of customised maps. The current Mapping Committee of the SEH (established in 2006), together with the SEH Council and some associated fellows, has acknowledged that distribution atlases should be conceived as dynamic tools, implemented in a way that allows for continuous updates, extension changes, and customised data extraction while respecting the copyright that particular organisations or individuals might hold on parts of the underlying data. The goal is to establish a Spatial Data Infrastructure, a system of geographically distributed systems, where the original data remain on the servers controlled by national or regional herpetological societies, and through an online network it is possible to make data queries via the SEH portal (Sillero et al., 2014 ; see http:// na2re.ismai.pt). For countries that do not have national databases, the SEH works on establishing a connected database linked to an internet portal for data collection.
A dynamic online atlas of European amphibians and reptiles based on an underlying distributed database of distribution records represents a major logistic challenge and is timeconsuming. However, considering the current conservation crisis faced by many European amphibians and reptiles (Cox, Chanson and Stuart, 2006) , it is an urgent task to make updated distributional information on these organisms available. The species distribution maps of the 1997 European Atlas (Gasc et al., 1997) have never been made available in GIS format. However useful and original at the time, they are now outdated due to the considerable accumulation of new distribution data, and especially because of the taxonomic progress that resulted in multiple changes of genus-level classification, and a large number of new species descriptions (Speybroeck, Beukema and Crochet, 2010; Vences et al., 2013) . This new taxonomy resulted in many species being split into multiple entities for which the exact distribution limits are poorly known.
The goal of the present study is to provoke and facilitate filling of these gaps by making updated distribution maps for the European herpetofauna available. For this purpose, we have compiled information from a large number of published and partly unpublished mapping efforts at a variety of spatial scales and transformed those data into a 50 × 50 km UTM grid, similar to the one used for the 1997 European Atlas. Based on this new compilation of maps, all of which are made available (see online Supplementary Atlas S1-S5 online), we here (1) identify the major spatial and taxonomic gaps in the currently available knowledge in order to identify future research priorities, and (2) analyse patterns of species richness, endemism and main distribution types (i.e. groups of species with similar distribution patterns) for European amphibians and reptiles.
Materials and methods

Study area
This compilation included almost the same area as the 1997 European Atlas (Gasc et al., 1997) . We used the limits for Europe (see Supplementary fig. S1 online) provided by Geocommons (http://geocommons.com/overlays/76975). The geographical limits of the previous SEH 1997 European atlas were those defined by Mertens and Wermuth (1960) , covering parts or the whole of 45 countries. Partial territories included were: north-western tip of Turkey (European Turkey), territories in the Russian Federation west of the Urals, north-eastern tip of Azerbaijan, north-western tip of Kazakhstan, Greece minus the Sporades Islands. However, the Geocommons limits do not include parts of Azerbaijan and Kazakhstan, while the Ural limits are defined more precisely. These limits for Europe are widely accepted by many geographical atlases (e.g. Cheers, 2005) .
Taxa
For historical consistency and to facilitate reading, in this paper we use the traditional term 'reptiles' for the paraphyletic group including the vertebrate orders Squamata, Testudines, Crocodylia, and Rhynchocephalia, i.e. Sauropsida excluding birds (of which only Squamata and Testudines are represented in Europe's extant fauna). The species-level taxa considered in this compilation were determined by the SEH, using Speybroeck, Beukema and Crochet (2010) as starting point (see Supplementary Text S1 online). In numerous cases, although the species status of two or more related taxa is undisputed, we were unable to assign all available records to a species. This was either because the original databases had been compiled following an outdated taxonomy, or because many records could not be identified up to species level in the field (such as for instance, Triturus marmoratus and T. pygmaeus in the Iberian Peninsula). In these cases, we merged the respective species into a single entry in our database, which therefore in several cases represents a simplification of current taxonomy.
The sampling effort was obviously not homogeneous across the whole study area. Some countries have a very good knowledge on the ranges of their species while others have large gaps of chorological information. Although the present compilation is represented at a rather coarse scale (50 × 50 km grid), gaps in the species distributions are still observable. Similarly, not all national and regional data sets are fully consistent in their treatment of marine and introduced species. Where available, our compilation includes terrestrial as well as marine taxa (i.e. marine turtles). Besides native species and populations, a number of national data sets also included introductions, i.e. introduced species from outside Europe as well as introduced populations of European species occurring outside their natural range. In this case our compilation is not fully consistent. For marine turtles, some countries included records on sightings (on coast and ocean) and reproduction places (i.e. Portugal and Spain), while other countries only included reproduction places (i.e. Italy and Balkan countries). In general, we did not include single records of escaped exotic species where there was no indication of naturalised populations. For non exotics, we considered as introduced those cases where the origin of the introduction is well known and can be traced back into recent history, such as the populations of Discoglossus pictus in southern France and in Spain (Catalonia), but not those cases where ancient introductions are suspected (e.g. various species on Mediterranean islands). In this sense, much of the actual herpetofaunal composition in the Mediterranean is probably related to or at least influenced by human activities (Corti et al., 1999) .
Database compilation
Our goal in compiling updated distribution maps for the European fauna was to cover as many European countries as possible with national atlas data or new personal records. The species data included in these updated maps were obtained from different data sources, namely (1) published (in books or websites) or on-going national atlases, (2) personal data kindly provided to the SEH, (3) the 1997 European Atlas, and (4) the Global Information Facility (GBIF: www.gbif.org). Because the GBIF data originate from many different data sources and contain numerous errors and discrepancies, we tried to minimise their use as explained below. However, a few of the national atlas data were directly available only from GBIF (e.g. Denmark and Norway) and in these cases, the data were labelled as National Atlas Data rather than as GBIF data. Some countries provided databases used in already published atlases (whole database with temporal data series: e.g. Spain and Portugal; simplified database: e.g. The Netherlands) or before publishing as an atlas (e.g. Slovenia and France). For other countries, we digitised the data from published books (e.g. Hungary). We also included large unpublished databases for several countries compiled by some co-authors of this study (e.g. S.L. Kuzmin, P. de Pous). In the case of territories of former Yugoslavia, J. Crnobrnja Isailović and collaborators provided some of the original data used in the 1997 European Atlas. National atlases and personal databases were subsequently merged in one database, which in the following will be referred to as COUNTRIES. A second database, hereafter named SEH/GBIF database, contained the data of the 1997 European Atlas and GBIF, but only for those countries for which no national atlas data were available. For the final compilation, the same exclusion strategy was also employed at the level of single UTM squares. Whenever a record from the COUNTRIES database was available for a UTM grid (only in personal databases: e.g. S.L. Kuzmin's personal database) we used that one rather than the duplicate record from the SEH/GBIF database. This process was performed using spatial queries in ArcGIS 9.3.
Many original databases contained erroneous records. The databases were therefore reviewed and validated by members of the SEH Council and its Mapping Committee in various rounds. Erroneous records were excluded from the two main databases (COUNTRIES and SEH/GBIF) and stored in a different file. During this revision of the point locality data in the COUNTRIES and SEH/GBIF database, we furthermore flagged introduced species and species locations, and these were transferred to a third database hereafter called INTRODUCED. As such, we never deleted a record: keeping all erroneous records rather than simply deleting them allowed tracking validation errors and makes our decisions verifiable. Introduction records were defined using our current knowledge, which is not homogeneous, thus bias may be present for some species and regions.
The three databases were composed by point records. The numerous data (table 1; 30 databases) have been received in multiple digital formats, with disparate information and in different spatial resolutions (ranging from point centroids of 50 × 50 km UTM grid cells to very precise GPS point locality records). Therefore, the databases were homogenised, deleting all other information except species names, coordinates, and data source, and projected to the same coordinate system (WGS84).
Map production
Biogeographical analyses
The coarse 50 × 50 km occurrence data were not suitable for sophisticated analyses (e.g. calculation of ecological niche models; Sillero, 2011) , and these were not the main goal of this compilation. We therefore did not apply any methods based on environmental niche modelling which at this level had already been carried out by Araújo, Thuiller and Pearson (2006) and Araújo et al. (2008) . Instead, we used a number of descriptive statistics to visualise general biogeographic patterns. Besides calculating species richness, we also used clustering analysis to define chorotypes and applied a measure of regional endemism. Chorotypes were defined by Baroni-Urbani, Ruffo and Vigna Taglianti (1978) as clusters of species with statistically similar distributions for a specific area. However, Vigna-Taglianti et al. (1999) stated that to define chorotypes the whole species' distribution should be used. In fact, Vigna-Taglianti et al. (1999) proposed a standard classification of chorotypes using several groups of animals (e.g. beetles, amphibians, and reptiles). Nevertheless, the term chorotypes has been widely used when applied to the herpetofauna of certain regions (e.g. Corti et al., 1991 Corti et al., , 1997 Olivero, Real and Márquez, 2011; Sillero et al., 2009 , and reference therein). Our intention here was not to establish a standard classification of biogeographical regions for the European amphibians and reptiles, but to classify species by their distribution similarity using the current available knowledge. Notwithstanding this, and for avoiding misunderstandings, we will use the term distribution type instead of chorotype, proposed by Baroni-Urbani and Collinwood (1976) and Baroni-Urbani and Collinwood (1977) . In these two works, distribution types were calculated using incomplete species' distributions. Identification of the main distribution types of amphibians and reptiles in Europe was carried out following Sillero et al. (2009) . The merged species distribution files (COUN-TRIES and SEH/GBIF) were transformed into two separate data matrices for amphibians and reptiles, respectively (.csv format) and analysed using the R 2.15 software (R Development Core Team, 2012) . Distribution types were determined by a Hierarchical Cluster Analysis using Jaccard's binary index and UPGMA as clustering method (Sillero et al., 2009) , which is a measure of similarities among species distributions. This analysis was performed using the function "vegdist" of the R package "vegan" (Oksanen et al., 2012) , which computes the Jaccard's index as 2B = (1 + B), where B represents Bray-Curtis dissimilarity. The Bray- Figure 1 . Example of species distribution map (Ichthyosaura alpestris) showing, in different colours, records corresponding to the COUNTRIES (red), SEH/GBIF (green) and INTRODUCED (purple) databases used in this study. Brown colours represent higher elevations. We used the official UTM grid of 50 × 50 km from the European Environmental Agency (www.eea.europa.eu/). COUNTRIES database included data from published or on-going national atlases, and from personal data kindly provided to the SEH. SEH/GBIF included data from the 1997 European Atlas and the Global Information Facility (GBIF: www.gbif.org). We only included data from SEH/GBIF when data from COUNTRIES database were not available. Datasets for introduced species were not available in all countries.
Curtis dissimilarity is calculated as
, where a and b are the numbers of species on compared squares, and j is the number of species in both squares compared. The Jaccard's index is 1 when species composition is identical between squares and 0 when two squares have no species in common. According to the values of Jaccard's index, the species were clustered into a dissimilarity tree, and the branches with a minimum of at least three species and splitting off the basal polytomy of this tree were defined as the main distribution types.
Using occurrence data of amphibians and reptiles, we separately calculated for the two groups the Corrected Weighted Endemism index (CWE) (Crisp et al., 2001 ). For calculating this index, the species are weighted by the inverse of their cell ranges so that species with narrow ranges are assigned relatively high weights, while species with broader ranges are assigned progressively lower weights (Laffan and Crisp, 2003) . The sum of the weighted values for a given cell (weighted endemism) is then divided by the number of species occurring in the cell. This correction for the cell species richness ensures that CWE values highlight areas with a high proportion of endemic species but not necessarily high in richness (Crisp et al., 2001; Laffan and Crisp, 2003; Laffan, Ramp and Roger, 2012) . We calculated CWE using the "endemicity tools" extension for ArcView 3.2 (Danho, 2003) , and performed computations at the cell level (radius = 1), excluding empty grid cells from analysis. Single cell calculations provide the maximum resolution for the analysis at the expense of artefacts occurring in poorly sampled cells (Laffan and Crisp, 2003) . We assumed that herpetological explorations in Europe have been intensive enough to allow calculations at single-cell level (see below for a discussion of this assumption; see also Ficetola et al., 2013) .
Results and discussion
Database compilation
The COUNTRIES database includes a total of 364 814 records; the SEH/GBIF database includes 15 485 records; and the INTRODUCED database includes 4310 records. Our compilation thus totals 384 609 entries from 28 national and personal databases, plus the original SEH and GBIF databases (table 1). The Spanish Herpetological Society provided the largest amount of records (68 618; updated until 2005; table 2). Other countries, like Portugal and Luxembourg also provided their entire database, with data about locality, author, and date. Records with a high spatial resolution (table 1) were also available for instance in Flanders (5 × 5 km), Wallonia (4 × 4 km), and Portugal (GPS points). Table 1 details the characteristics of the different databases that were used in this study. The final number of records per species represented in the 50 × 50 km grids (total: 48 440 occurrence records at the 50 × 50 km grid level) is lower than in the sum of the three databases (COUNTRIES, SEH/GBIF, INTRO-DUCED) due to record duplications caused by the reduction in the spatial resolution of the UTM squares (e.g. from GPS points in the Portuguese database to the final 50 × 50 km UTM square).
Overall, 218 taxa were mapped (73 species of amphibians and 145 of reptiles; table 3), including 13 amphibian and 18 reptile species that were not represented in the 1997 European Atlas (Gasc et al., 1997) . However, as the study area is slightly different, 18 species from the eastern edges of the area covered by the 1997 European Atlas were not mapped in our compilation (see Study Area section). Therefore, and considering also taxonomical changes, our compilation includes 31 newly mapped species (table 3). We merged 46 taxa with others in the same species-level map (usually not more than 2-3 species per map) when their taxonomic status and/or their precise distribution boundaries were insufficiently known to warrant plotting Nine species (six amphibians and three reptiles) represented more than 10 000 records in the whole compiled point databases, corresponding in almost all cases to the most widespread species in Europe. From lesser (11 696) to larger (31 638), these were: Zootoca vivipara, Anguis sp., Ichthyosaura alpestris, Natrix natrix, Triturus cristatus complex, Pelophylax kl. esculentus/lessonae, Lissotriton vulgaris, Rana temporaria, and Bufo bufo. In the opposite extreme, there were 41 species (13 amphibians and 28 reptiles) with less than 10 records. These species corresponded to endemisms of mainland Europe (e.g. Iberolacerta aranica) and of the Mediterranean islands (e.g. Podarcis filfolensis). However, and particularly for the most widespread taxa, the higher number of records also correspond to species present in distribution atlases with a high resolution, i.e. a high number of records. In relation with the whole database in grid format (table 3) , 16 species included more than 1000 records (i.e. present in more than 1000 grid cells), three of them with more than 2000 (i.e., Natrix natrix, Rana temporaria, Bufo bufo). All these, again, were species widespread in Europe. On the other hand, 59 species were present in less than 10 cells, many of them endemisms (e.g. Podarcis levendis), but others were marginal species with their main distribution range outside the study area (e.g. Eirenis modestus).
The increment in distribution knowledge was considerable (4224 new grid records, 19.6%). Although the taxa entities are not completely congruent, 44 (8.3%) taxa presented less records than in the 1997 European Atlas; 17 (7.8%) the same number; and 152 (69.7%) more records (table 3). The extremes are Pelophylax kl. esculentus/lessonae with a loss of 463 records, and Rana temporaria with a gain of 563 records. The reasons for the changes in the number of grid cells per species are manifold. Increases are usually due to an improved mapping intensity and coverage, whereas decreases are often explained by changes in taxonomy such as splitting of previously widespread species into dif-ferent species, or redefinitions of taxa with corresponding reduction of their actual ranges, but also because of the low number of recent data for some countries devoid of distribution atlas programs (see table 1 ).
Patterns of species richness were different in amphibians and reptiles as we will further explore in the biogeography section below. Species richness of amphibians was highest in Western-Central Europe, while for reptiles the southern peninsulas had the highest concentration of species, in particular Greece ( fig. 2) , which is in general agreement with analyses based on the 1997 European Atlas (Araújo, Thuiller and Pearson, 2006; Araújo et al., 2008) and the Global Amphibian Assessment (e.g. Anthony et al., 2008; Baha el Din et al., 2008) . Several countries such as Albania, Bosnia and Herzegovina, Latvia, Lithuania, Ireland, F.Y.R. of Macedonia, Moldova, Montenegro and Serbia presented low levels of species richness, mainly due to insufficient coverage, impossibility of digitising chorological information published in journals, or because database chairs decided not to collaborate in our compilation. No atlases or articles with chorological data are currently available for some of these countries, as far as we know. Calculating species richness for endemic European species only (i.e. excluding all species which have ranges extending outside the study area) leads to a strong shift of species richness towards Western Europe, reflecting that the Balkan Peninsula holds many species with ranges extending into the Middle East and Caucasus, and Central Europe holds many widespread species with ranges extending east of the Ural Mountains ( fig. 3) . Similarly, the Caucasus region was not identified as an area of endemism because most of the numerous species endemic to the Caucasus Mountains are distributed on the southern slopes as well, i.e. outside Europe as we defined it.
The species richness of European threatened amphibians, following the IUCN categories Vulnerable (VU), Endangered (EN), and Critically Endangered (CR), presented a very patchy distribution ( fig. 4) : north-western Iberian Peninsula, Po lowland, Sardinia, and western Greek coast were the areas with a higher number of threatened amphibians. On the other hand, threatened reptiles were widespread, especially in the Iberian and Italian peninsulas as well as in Central Europe. These different patterns are due to the species composition: threatened amphibians were mostly composed by localised endemics (e.g. Alytes muletensis) while threatened reptiles included some widespread species (e.g. Emys orbicularis). However, the European herpetofauna might have a higher level of conservation threat than currently recognised (Denoël, 2012) . Future evaluations such as those provided through herpetological atlases could thus shed light on wider patterns of vulnerability (see e.g. Denoël, 2012) .
Biogeographical analysis
The analysis of corrected weighted endemism (CWE) highlighted the importance of Mediterranean islands as centres of endemism for both amphibians and reptiles ( fig. 5 ). For amphibians, highest CWE values were found in Sardinia and Corsica, Mallorca, Sicily, and southern Aegean islands. In addition, some grid cells on the Balkans and the Western Caucasus stand out with high local endemism values. Reptiles showed an overall similar pattern, but some areas such as Corsica, Sicily and the southern Aegean presented lower CWE values while additional areas of endemism were identified on smaller Mediterranean islands such as Malta, as well as certain areas in Spain (corresponding to the microendemic Iberolacerta species) and the Balkans.
However, these CWE calculations were somewhat biased due to our definition of the study area. Because the CWE calculation took the full range size of a species into account, and the full range sizes of some species (104) were not included in the study area (and thus not complete in the compilation database used for analysis, especially regarding species distributed in Figure 2 . Maps of Europe showing species richness separately for amphibians and reptiles, based on species distribution maps of all non-introduced species occurring in the study area. the Balkan Peninsula or widespread in Central Europe), it is possible that CWE values in the eastern part of Europe were slightly inflated. In other words, many species occur in just a small part of the study area and thus appear to be range-restricted and micro-endemic, while in fact they have wide ranges extending further east outside our study area. This phenomenon is inversely analogous to the species richness patterns of endemic European amphibians, where the same artefacts lead to inflated species richness values in Western Europe. These problems call for caution in interpreting the biogeographic analysis of our data, but do not invalidate the observed general patterns. Furthermore, from the point of view of conservation priorities, the observed patterns of Europe-endemic species richness are highly relevant since they highlight the importance of specific areas (especially the Mediterranean islands), where the survival of a large number of European endemics fully depends on European conservation efforts.
Nine and 13 main distribution types were identified for amphibians (named CA1-CA9; table 4 and online Supplementary fig. S2 ) and reptiles respectively (named CR1-CR13; table 5 and online Supplementary fig. S3 ). Many species that formed clusters of only one member, corresponding mainly to regional endemics, were not assigned to a distribution type number and are not further considered here. In the following, we will briefly characterise distribution types and mention one representative species for each. Amphibian distribution types can be characterised as follows (table 4 fig. S1 . Distribution types were named with codes following Baroni-Urbani and Collingwood (1976) and Baroni-Urbani and Collingwood (1977) . fig. S2 . Distribution types were named with codes following Baroni-Urbani and Collingwood (1976) and Baroni-Urbani and Collingwood (1977) . These distribution types were partly but not fully congruent with those published for a more limited study area (i.e. the Iberian Peninsula; Sillero et al., 2009) . The discordances can be explained by a higher number of species included in the present analysis, a larger size of the study area, and a different spatial resolution of the grid. As Europe holds more species and is considerably larger than the Iberian Peninsula, the resulting main distribution types at least partially included the Iberian distribution types. The definition and interpretation of distribution types is always relative and strongly depends on the study area.
Distribution type CA1
Alytes cisternasii
Distribution type CR1
The distribution types defined in this work for European amphibians and reptiles are not in full agreement with previous biogeographical classifications, because our classification was based on the distribution of species (always incomplete) and not on environmental data (Bunce et al., 2002) or distribution data from herpetological guide books (e.g. range polygons on continental maps; Rueda, Rodríguez and Hawkins, 2010) . Bunce et al. (2002) defined 59 environmental classes based in a grid square of 0.5 min (i.e. ca. 55 km). As Bunce et al. (2002) did not provide a hierarchical tree of environmental classes, only some of these classes had correspondence with our distribution types (e.g. CR6 and CR13). Rueda, Rodríguez and Hawkins (2010) identified respectively seven and eight biogeographical regions for amphibians and reptiles in Europe. In the case of amphibians, Rueda, Rodríguez and Hawkins (2010) clustered the distribution types CA8 and CA9 in one single region. In reptiles, the distribution types including species for the three Mediterranean peninsulas (CR4 and CR7) are also considered by Rueda, Rodríguez and Hawkins (2010) . No widespread species (e.g. Bufo bufo or Vipera berus) fit in any of the regions identified by Bunce et al. (2002) or Rueda, Rodríguez and Hawkins (2010) .
Taxonomic and mapping gaps of knowledge
About ten species-level units in our analysis are characterised by taxonomic uncertainty or by difficulties in species identification; some of these are (or might be) composed of different taxa (see footnotes in table 3). Particular taxonomic efforts are needed to clarify both the status and the precise distribution limits of the Bufo viridis complex (balearicus, variabilis, viridis) , the Hyla arborea complex (H. arborea, H. molleri, and H. orientalis), Iberian Pelodytes (P. ibericus, P. punctatus, and two yet undescribed candidate species), the Anguis fragilis complex (A. colchica, A. graeca, A. fragilis) , and the Podarcis hispanicus complex (P. hispanicus sensu lato, P. liolepis, P. vaucheri and several undescribed candidate species). Furthermore, in the following species complexes, the precise distribution ranges of each species need to be determined (preferably using genetic methods; Joger et al., 2007) and the available records (and new future records) need to be refined to distinguish between the different species: Triturus marmoratus/pygmaeus, Triturus carnifex/cristatus/dobrogicus/karelinii/ macedonicus, Blanus cinereus/mariae, Psammodromus hispanicus complex (P. edwardsianus, P. hispanicus, and P. occidentalis), Vipera ursinii/renardi, and Zamenis longissimus/lineatus. This list of taxa in need of taxonomic and distributional revision is clearly not exhaustive and was driven by the particular problems that we have identified while assembling the distributional data sets. It is clear that taxonomic revision is also needed in other species of European amphibians and reptiles, especially those in south-eastern Europe. Indeed, even for the most studied complexes, such as the crested newts (Wielstra and Arntzen, 2011) , reliably attributing all grid cells to either of the newly recognized species within the limits of distribution of the entire complex turned out to be impossible. The issues identified here are particularly pressing, because they often concern widespread species where clarification of the exact distribution boundaries requires intensive sampling.
Subtracting the number of species (amphibians and reptiles merged) for each grid cell in the 1997 European Atlas from the respective value in our compilation yields a pattern reflecting the overall increased coverage and mapping intensity, especially in Western and Central Europe ( fig. 6 ). However, in the new compilation a lower overall number of species per grid cell is present in some countries. This counter-intuitive pattern is partly explained by the fact that for some areas the 1997 European Atlas was based on expert opinion about the occurrence of a species in a grid cell (Gasc et al., 1997) , and underlying records were not available any more for the new national atlases. Contemporary regional and national atlases, on the contrary, typically only take fully documented records into account. Moreover, we mainly compiled published data. Therefore, our compilation lacks all chorological information in personal databases or journals not available to us. For those countries where new national mapping data exist we excluded the SEH/GBIF database records from our compilation, therefore for countries such as Greece and Ukraine the current compilation contains fewer grid cell records which however are better documented than those in the 1997 European Atlas. In general, south-eastern Europe concentrates a high species richness especially of reptiles, but many countries in this area lack national atlases. Future efforts should be targeted to encourage and support national mapping efforts in this region. In addition, a European initiative might be useful to set up a mapping campaign to fill in these crucial distributional gaps.
Conclusions and future tasks: the distributed database network system
Distribution maps are ephemeral products in constant need for updating. Therefore, the most important part of a chorological atlas is its database, which should be operative for a long time. For this reason, the SEH Mapping Committee decided to implement a system of distributed online databases, as this is the only solution to avoid problems of data duplication and actualisation, and to ensure that the owners of each sub-database maintain the control over its administration. The first prototype of this system is ready (see Sillero et al., 2014) . In the near future, we hope the system might connect the databases of each European country.
An important future aspect will be to standardise the date of each record in each of the national databases as well as in the SEH database (see also Denoël, 2012) . At present, precise dates of observation are provided for each record in some of the databases, but completely lacking in others. Furthermore, historical records often lack any precise date. A system of minimum date (at least year) for each record needs to be implemented to allow querying the databases for possible changes in species range, e.g. in the context of both climate change and land cover use, and accurate dates would even allow evaluating phenological changes. This would imply to have multiple records for each cell grids when data are available for several years for instance.
One major problem cannot be solved by the distributed database system, namely the lack of funding and personnel in many countries to set up a national database, collect mapping data, validate each record, and feed them into the system. It therefore will be important to activate also other sources from which these data could be obtained. Distribution mapping and species monitoring are research fields with a well-developed tradition of citizen science contribution. In many countries of central and northern Europe, the bulk of amphibian and reptile distribution data are collected by volun- teers, many of which do not hold biology degrees and are not professionally working as herpetologists. We feel that activating such volunteering work especially in southern countries, and among tourists visiting these countries, should be an important resource to fill mapping gaps (Bonardi et al., 2011) . Providing a common platform to enter such observations, accompanied by photographic documentation, will be a step to achieve this goal, if coupled with a functional and robust validation procedure. Such an online platform for entering data will be provided by the SEH online database system. However, major challenges remain, such as integration with other systems like iNaturalist (www.inaturalist.org), Observado.org (www.observado.org), or Telmee (www.telmee.nl), the feedback of the centrally collected data into the national databases, and especially, the review and scientific validation process before the contributed data are included in these databases (Boakes et al., 2010; Bonter and Cooper, 2012; Ficetola et al., 2013 ). An important point is also that each national or local database should use the same taxonomic list. Finally, there is a large variation of resolution between distribution atlases: although some use point coordinates, others provide only large areas. At the current stage, the grid size resolution of 50 × 50 km reduces this problem, but in the long term, the realisation of more detailed maps would require the centralization of highly detailed data from each database.
In summary, the data presented here provide a first, tentative step towards an interactive, dynamic and distributed database of the spatial distribution of European amphibians and reptiles. The grid maps of all species made available along with this paper will facilitate conservation-related studies and actions, and will inform and guide further activities to improve and complete the database. However, it should be kept in mind that they are currently dependent on availability of digital databases, and not only on species presence or even on current knowledge on species distribution. Finding ways to gather all species occurrence data available in Europe is a major challenge for the future. Integrating the temporal dimension and measures of spatial uncertainty to all point records in the original databases is another necessary improvement to allow detailed modelling of the impacts of land use and climate change, and we call for concerted and varied efforts to fill the geographic and taxonomic gaps identified.
